We report the results of our exploratory program carried out with the Southern Astrophysical Research (SOAR) telescope aimed at associating counterparts and establishing the nature of the Fermi Unidentified γ-ray Sources (UGS). We selected the optical counterparts of 6 UGSs from the Fermi catalog on the basis of our recently discovered tight connection between infrared and γ-ray emission found for the γ-ray blazars detected by the Wide-Field Infrared Survey Explorer (WISE) in its the all-sky survey. We perform for the first time a spectroscopic study of the low-energy counterparts of Fermi UGS, in the optical band, confirming the blazar-like nature for the whole sample. We also present new spectroscopic observations of 6 Active Galaxies of Uncertain type associated with Fermi sources (AGUs) that appear to be BL Lac objects. Finally, we report the spectra collected for 6 known γ-ray blazars belonging to the Roma BZCAT (Massaro et al. 2009 ) that were obtained to establish their nature or better estimate their redshifts. Two interesting cases of high redshift and extremely luminous BL Lac objects (z ≥ 1.18 and z ≥ 1.02, based on the detection of Mg II intervening systems) are also discussed.
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Introduction
According to the Second Fermi-LAT Source Catalog (2FGL; Nolan et al. 2012) and subsequent analyses performed on the Unidentified γ-ray Sources (UGSs; e.g., Massaro et al. 2012a; Acero et al. 2013 ) a significant fraction of the γ-ray sky (about 30%) is yet unknown (Massaro et al. 2013a) . For this reason, we developed two association procedures (e.g., D 'Abrusco et al. 2013; Massaro et al. 2012a ) able to associate counterparts of Fermi UGSs. These methods are based on correlation between infrared (detected in the Wide-Field Infrared Survey Explorer (WISE; Wright et al. 2010) ) and γ-ray emission (e.g., Massaro et al. 2011a; D'Abrusco et al. 2012 ) of blazars which are the largest known population of γ-ray sources.
Blazars are active galactic nuclei (AGNs) dominated by non-thermal radiation over the entire electromagnetic spectrum, presenting very peculiar observational properties with respect to other AGN classes. In particular they show very rapid variability at all frequencies, high polarization, superluminal motion, and very high luminosities (e.g., Urry & Padovani 1995) .
Their emission is interpreted as arising from ultra relativistic particles accelerated in a relativistic jet closely aligned to our line of sight (Blandford & Rees 1978) . According to the literature, there are two classes of blazars objects. Briefly, the blazar subclass of BL Lac are characterised by optical spectrum where observed features have rest frame equivalent width EW ≤ 5 Å (e.g., Stickel et al. 1991; Stoke et al. 1991; Laurent-Muehleisen et al. 1999 ) while the Flat Spectrum
Radio Quasars (FSRQ) shows the typical quasar-like optical spectra characterized by strong and broad emission lines and higher radio polarization.
1 Based on observations obtained at the Southern Astrophysical Research (SOAR) telescope, which is a joint project of the Ministério da Ciência, Tecnologia, e Inovação (MCTI) da República Federativa do Brasil, the U.S. National Optical Astronomy Observatory (NOAO), the University of North Carolina at Chapel Hill (UNC), and Michigan State University (MSU).
-5 -Here we report the results of our recent spectroscopic campaign in the Southern hemisphere using the Southern Astrophysical Research (SOAR, see Clemens et al 2014) telescope.
In this campaign we obtained spectra for optical counterparts of Fermi UGSs selected adopting the procedure previously described in D'Abrusco et al 2013 and references therein.
Preliminary results for our exploratory program in the Northern hemisphere obtained with the Telescopio Nazionale Galileo (TNG), the Multiple Mirror Telescope (MMT) and the Observatorio Astronómico Nacional (OAN) in San Pedro Mártir (México) observatory have been already presented in . Although additional multifrequency campaigns to investigate the origin of the UGSs are already ongoing, e.g., at the radio frequencies (e.g., Kovalev 2009; Petrov et al. 2013; Massaro et al. 2013b; Nori et al. 2014) or in the X-rays as the Swift X-ray survey of the UGSs 2 (e.g., Mirabal & Halpern 2009; Paggi et al. 2013; Takeuchi et al. 2013; Stroh and Falcone 2013) , the optical spectroscopic campaigns (as the one presented in this serie of papers) are a crucial step, in particular for blazars, to disentangle and confirm the true nature of the low-energy counterparts selected with different methods (e.g., Masetti et al. 2013; Shaw et al. 2013a; Shaw et al. 2013b; Paggi et al. 2014; Massaro et al. 2014; Landoni et al. 2012; Landoni et al. 2013; Landoni et al. 2014) . In this paper we also present spectroscopy for six Active Galaxy of Uncertain Type (AGU) in the Fermi catalog and for six other known blazars in order to confirm their nature.
The paper is organized as follows: in Section 2 we discuss the data reduction procedures adopted to analyze the SOAR observations acquired. Then in Section 3 we describe the results of our analysis providing details on each source. Finally, the summary and conclusions are given in Section 4. We use cgs units unless stated otherwise and the following cosmological parameters
-6 -
Observations and Data Reduction
We obtained spectra in Visiting mode at the SOAR 4-m class telescope using the High Throughput Goodman spectrograph (Clemens et al. 2004 ). We adopted a slit of 1.0 or 1.3
(depending on the availability at the telescope) width combined with a low resolution grating (400 grooves mm −1 ) yielding a dispersion of about 2 Å pixel −1 (∆λ ∼ 5Å) in both cases. The majority of the spectra (14/19) were obtained in a dedicated run from September 15-16, 2013 while individual spectra were obtained for the remaining targets in August and November 2013
and January 2014 (see Table 1 ). The average seeing during both runs was about 1.0 and skies were almost clear. Data reduction was done using IRAF 3 by the adoption of standard procedures.
In particular, for each object we performed bias subtraction, flat field and cosmic rays rejection.
Since for each target we secured 2 individual frames, we averaged them according to their signal to noise ratios. We rejected any spurious features (e.g cosmic rays or CCD defect) by comparing the two individual exposures. The wavelength calibration was achieved using the spectra of Helium-Neon-Argon or Iron-Argon lamps which assures a full coverage of the entire range. In order to take into account flexures of the instruments and drift due to poor long term stability during the night, we took an arc frame before each target in order to guarantee a good wavelength calibration for the scientific spectra. The accuracy achieved is about 0.2 Å root mean square (rms). We observed a photometric standard star each night, even though this program does not require an accurate flux calibration, in order to ensure a flux calibration of spectra. We applied a correction law for Galactic reddening (Cardelli et al. 1989 ) assuming E B−V values computed by Schlegel et al. 1998 . Finally, in order to better investigate the detectability of faint spectral 3 IRAF (Image Reduction and Analysis Facility) is distributed by the National Optical Astronomy Observatories, which are operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation.
-7 - -The asterisk ( * ) close to the source name marks sources that are also associated in the 1FGL catalog (Abdo et al. 2010 ).
-Catalog/survey symbols in notes: PMN (Wright et al. 1994, -Pm) , SUMSS (Mauch et al. 2003 , -S), AT20G , -A), CRATES (Healey et al. 2007, -c) , WISE (Wright et al. 2010; Cutri et al. 2012, -w) , 2MASS (Skrutskie et al. 2006, -M) , USNO-B1 (Monet et al. 2003 , -U), GALEX (-g), RBSC and RFSC (Voges et al. 1999; Voges et al. 2000 , -X), Deep Swift X-Ray Telescope Point Source Catalog (1SXPS; Evans et al. 2014, -x) and Swift X-ray survey for all the Fermi UGSs 9 (Stroh and Falcone 2013; Paggi et al. 2013; Takeuchi et al. 2013 ),Six-degreeField Galaxy Survey (6dFGS; Jones et al. 2004; Jones et al. 2009, -6) -8 -features, we normalised each spectrum by dividing by the continuum best fit computed on the observed data. We report in Figure 1 , 2 and 3 the finding charts of each object while the full spectra are reported from Figure 4 to Figure 22 . Full spectra will be also public available at the Web site http://www.oapd.inaf.it/zbllac/ (Sbarufatti et. al. 2006 ).
Results
According to the optical spectra obtained during our campaign, we found that all the sources selected as counterparts of the seven UGSs are indeed blazars (see Section 3.1) . The six AGUs, classified according to the Second Fermi-LAT AGN catalog (2LAC; Ackermann et al. 2011b) are also BL Lacs that show typical power-law spectrum with weak intrinsic (or absent) emission features with rest frame equivalent width EW ≥ 5Å (see Section 3.2). The remaining six sources were labeled as BL Lac candidates in the Roma BZCAT because no optical spectra were found can now be classified as BL Lac from careful inspection of each spectrum secured in this campaign (see Section 3.3). Although some of the sources considered in our campaign have been also observed at different observatories and groups, as reported in the following sections, we decided to reobserve these targets for two main reasons. First, at the time when our observations were scheduled and performed these spectra were not yet published and, second, to the well-know BL Lac variability in the optical band there is always the chance to observe the source in a low state and detect some features allowing the determination of their redshifts. Moreover, for a number of objects the available spectra in the literature exhibit rather low signal to noise ratios making it almost impossible to secure an affordable classification of sources and, if possible, the determination of their distance. Source details are given in the next section.
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Unidentified Gamma-ray Sources (UGS)
The WISE selected counterparts to these UGSs show IR WISE colors similar to those of γ-ray blazars considered in the analysis performed by Massaro et al. (2013a) . In particular, they were predicted to be BL Lacs rather than FSRQs (see D Table 1 , together with their 2FGL name, the WISE name, and the counterpart coordinates.
We also searched for optical counterparts in the Six-degree-Field Galaxy Survey (6dFGS; Point Source Catalog (1SXPS; Evans et al. 2014, -x) .We also took into account the Swift X-ray survey for all the Fermi UGSs 9 (Stroh and Falcone 2013; Paggi et al. 2013; Takeuchi et al. 2013) 4 . We adopt the same symbol for the X-ray catalog of XMM-Newton , Chandra and Swift because they provide observations for only pointed source while most of the X-ray counterparts of our potential counterparts can be serendipitous. 
Gamma-ray Active Galaxies of Uncertain type (AGU)
In the sample of AGUs, chosen on the same basis of the IR colors analysis performed for UGSs, three out of six sources belong to the First Fermi-(LAT Source Catalog (1FGL; Abdo et al. 2010) , as marked in Table 1 , meanwhile all the AGUs are detected in the X-ray and show counterparts in both the RBSC and RFSC, as well as radio counterparts in the SUMSS. In particular, 2FGL J0424.3-5332 is also detected in the Parkes-MIT-NRAO Surveys (PMN; Wright et al. 1994, -Pm) as well as in the Australia Telescope 20 GHz Survey (AT20G; Murphy et al. 2010, -A) and, since it has a flat radio spectrum, also belong to the Combined Radio All-Sky Targeted Eight-GHz Survey (CRATES; Healey et al. 2007, -c) . 2FGL J0157.2-5259 is also detected by GALEX (NASA Extragalactic Database (NED) 5 ).
As shown by (Massaro et al. 2012b) , four of the AGUs have WISE colors typical of Fermi blazars at 95% level of confidence, while the other two, namely 2FGL J0335.3-4501 and 2FGL
5 http://ned.ipac.caltech.edu/ -11 -J0604.2-4817 6 , are only marginally consistent with the WISE Gamma-ray Strip. However they are all detected by WISE and five out of six also have counterparts in 2MASS. Moreover, the X-ray, γ-ray, and radio properties of the WISE counterparts of 2FGL J0157.2-5259 (Takeuchi et al. 2013 ) and 2FGL J1103.9-5356 (Keith et al. 2011 ) are also consistent with the blazar nature for these sources.
Our spectroscopic observations confirm that all six sources are BL Lac objects (see Figure 11 to 16). For three of them, 2FGL J0335.3-4501, 2FGL J0424.3-5332 and 2FGL J0537.7-5716, we have been able to set a lower limit on their redshifts based on the detection of Mg II absorption lines that could be due to the blazar host galaxy or, more probably, to intervening systems.
The lower limit on the redshift is z ≥ 0.88 for 2FGL J0335.3-4501 and z ≥ 0.461 for 2FGL
J0424.3-5332, respectively. More interesting is the case of 2FGL J0537.7-5716 where multiple Mg II absorption system are detected. The first one is found to be at redshift z = 0.521 while the second one is at z = 1.18 making this source one of the most distant and infrared luminous (L ≥ 3 × 10 45 erg s −1 ) BL Lac ever observed. Finally, we note that the sources 2FGL J0424.3-5332 and 2FGL J1103.9-5356 also appear in Shaw et. al 2013a. but for the first one we are able to set a spectroscopic lower limit to the redshift from an intervening system of Mg II (z = 0.461, in agreement with the proposed lower limit) that it was not detected by Shaw et. al 2013a. while, for the second source, our spectrum exhibits an higher SNR with respect to the one reported in the same paper.
6 Also observed during our program even if its optical spectrum was already published in Masetti et al. (2013) since our data were taken while that paper was submitted.
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γ-ray blazars
We report in Table 1 The first four blazars listed in Table 1 lines from its host galaxy starlight allow us to estimate the redshift z = 0.232. We finally note that in the spectrum of BZB J0428-3756 multiple Mg II intervening systems (z = 0.558 and z = 1.02) are clearly detected allowing us to put a stringent spectroscopic lower limit to this high redshift BL Lac object. These absorption features are also confirmed from spectroscopic study of (Heidt et al. 2004 ). However, we could not detect the broad emission feature at 5906Å ascribed to Mg II as reported in (Heidt et al. 2004 ) suggesting that our observation may have been carried out while the source was in a high state.
We note that three of four sources (BZB J0158-3932, BZB J0334.2-4008 and BZB J1443.9-3908) appear also in Shaw et. al. 2013a . Nevertheless, while for BZB J0158-3932
and BZB J1443.9-3908 the spectra are similar in terms of SNR and spectral coverage, for BZB J0334.2-4008 we could not confirm the detection of broad emission lines of Mg II and C III] reported in Shaw et. al. 2013a supporting the fact that we probably observed the source during a -13 -high state of the relativistic jet which outshined the underlying emission lines from the BLR.
Summary and conclusions
We report the results of our exploratory spectroscopic campaign carried out in the Southern hemisphere with the SOAR telescope from August 2013 to January 2014. We observed a selected sample of 19 targets. Seven sources were WISE counterparts of Fermi UGSs listed in the 2FGL
and identified thanks to the IR-based procedure developed by D 'Abrusco et. al. 2013 and Massaro et. al. 2013a In addition we collect spectra for 6 AGUs associated in the 2FGL catalog and 6 γ-ray BL Lac candidates for which no optical spectra where found in literature leaving the classification uncertain.
Our main goal was to confirm the nature of the counterparts for the UGSs selected on the basis of their IR colors and correctly classify the remaining targets. We found that 6 out of 7 WISE sources chosen to be potential counterparts of the UGSs are clearly BL Lac objects while 2FGL J0416.0-4355 appears to be identified with a QSO at z = 0.398. The lack of radio information did not allow us to classify this source as a FSRQ. These results are fully in agreement with the predictions of our developed association methods (see Massaro et al. 2013a , for more details). We also discovered that all the AGUs observed are indeed BL Lac objects and for two of them we were able to report a first redshift estimate employing Mg II intervening absorption system along the line of sight (or due to their host galaxies). Finally, all the BL Lac candidates that belong to the WISE sample of Fermi blazars used in the sample adopted to calibrate the association methods (e.g. D'Abrusco et al. 2012) ) are firmly established as bona fide BL Lacs through our spectroscopic observations. For BZBJ0238-3116 we measured a redshift z = 0.232 through Ca II break and Mg I absorption lines from host galaxy starlight, while for BZBJ0428-3756 we put a lower limit to the redshift at z ≥ 1.02 from an intervening Mg II absorption system detected along the line of sight. Table 1 
